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SPECIFICATION 

1. Title of the Invention 

SERVO SYSTEM FOR INFORMATION RECORDING AND/ OR 
REPRODUCING DEVICE 
5 2 . Claims 

(1) A closed- loop servo system for controlling an 
information recording and/or reproducing signal conversion 
element for an information recording and/or reproducing 
device, wherein an error signal is sampled using a signal 
10 synchronized with an information signal. 

3 . Detailed Description of the Preferred Embodiments 

The present invention relates to a servo system for 
an information recording and/or reproducing device and 
provides more stabilized servo operation by sampling an 
15 error signal synchronized with an information signal. 

Fig. 1 shows an embodiment of a tracking servo system 
for a device for recording information on/reproducing it 
from a conventional disk- type recording medium. In this 
figure, 1 is a light source made of, for example, a 
20 semiconductor laser, 2 is a collimator lens for allowing the 
light beams emitted from the semiconductor laser 1 to be 
parallel. 3 is a prism for correcting different sector 
angles perpendicular and horizontal to a joint surface of 
the semiconductor laser, 4 is an objective lens for focusing 
25 the parallel light beams, 5 is a disk- type recording medium 
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(hereafter, simply referred to as a disk) , 6 is a group of 
guide tracks pre-grooved on the disk 5, 7 is a disk motor 
for rotating the disk 5, 8 is an objective lens drive unit, 
which is made of, for example, voice coil for a speaker and 
5 drives the objective lens 4 in the direction perpendicular 
to the grooves on the guide tracks 6 so that a pinpoint spot 
of light beams focused through the objective lens 4 may be 
maintained on the center of the guide tracks 6 of the 
rotating disk 5, 9 is a quarter wave plate for shifting the 

10 phases of the light beams emitted from the semiconductor 
laser 1 by a quarter wavelength (in total by a half 
wavelength) every time they go forward and backward, 10 is 
a beam splitter for bending the light paths for the light 
beams, of which phases are shifted by a half wavelength, by 

15 90°, 11 is a two-split photo detector for receiving the light 
beams bended at the beam splitter 10 and converting them into 
electric signals, 12 is an arithmetic circuit for creating 
a difference between outputs of the two-split photo 
detector, 13 is an amplification circuit for amplifying the 

20 difference, 14 is a compensation circuit for compensating 
for any phase delay, 15 is a drive circuit for driving the 
objective lens drive unit 8, 16 is an arithmetic circuit for 
creating the sum of the outputs of the two -split photo 
detector 11, 17 is an amplification circuit for amplifying 

25 the created sum, 18 is a division circuit for dividing the 
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output of the amplification circuit 13 by the output of the 
amplification circuit 17, and 19 is a drive circuit for 
modulating the semiconductor laser 1 . 

Now, the operational principle of the system 
5 mentioned above is explained below. The light beams emitted 
from the semiconductor laser 1 are adjusted at the 
collimator lens 2 so that they may be parallel, shaped 
through the triangle prism 3, pass through the beam splitter 
10, and focused on the guide tracks 6 of the disk 5 by the 

10 objective lens 4 after their phases are shifted by a quarter 
wavelength at the quarter wave plate 9 . For recording 
operation, the drive unit 19 operates to directly modulate 
the semiconductor laser 1 with a recording information 
signal, which allows an energy density of the pinpoint spot 

15 of the laser beams to be raised or reduced alternately beyond 
the level at which reflection coefficients of the recording 
medium within the grooves of the guide tracks 6 can vary. 
For reading operation, the energy density remains lower than 
the level mentioned above. For example, if any recording 

20 or recorded information signal is generated, that is when 
the signal is 1 (1 and 0) as shown in Fig. 2 (a) , light 
emission power of the semiconductor laser 1 is raised to 
evaporate the recording medium from the grooves on the guide 
tracks 6, enabling the reflection coefficients of the 

25 portions with the recording medium evaporated to 
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considerably be reduced. This achieves recording of 
information signals 0 and 1 on the guide tracks 6. On the 
contrary, the reflected light beams are focused through the 
objective lens 4, bended by 90° through the beam splitter 
5 10 after their phases being shifted at the quarter wave plate 
by a quarter wavelength, and enter into the two- split photo 
detector 11. Since the individual guide tracks 6 have a 
convex or concave structure relative to each other by a 
eighth wavelength, the reflected light beam undergo 

10 diffraction. For this reason, any shift in position between 
the pinpoint spot of the focused light means and the guide 
tracks 6 induces aeolotropism among the reflected light 
beams. Thus, by taking the difference between the outputs 
of the two-split photo detector 11, an error signal can be 

15 obtained for tracking control. In addition, by taking the 
sum of the outputs of the two-split photo detector 11, 
assuming that recording was performed in such a direction 
that the reflection coefficients reduced, for recording 
information, the information signal as shown in Fig. 2 (b) 

20 (the output of the amplification circuit 17 for recording) 
with respect to the information signal as shown in Fig. 2 (a) 
and for reproducing information, the information signal as 
shown in Fig. 2 <c) (the output of the amplification circuit 

17 for reproducing) with respect to the disk 5 containing 
25 the information signal as shown in Fig. 2 (a) can be obtained. 
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respectively. The error signal mentioned, above is divided 
by the information signal amplified by the same 
amplification circuit 13 and then by the amplification 
circuit 17 by the division circuit 18. The output of the 
5 division circuit 18 is further compensated for its phase and 
others by the compensation circuit 14, enters the drive 
circuit 15 of the objective lens drive unit 8, and drives 
the objective lens 4 in such a direction that the focused 
light beams may be fixed at the center of the guide tracks 

10 6. Thus, the light spot can be always positioned at the 
center of the guide tracks 6. 

As known from the explanation above, in the 
conventional system, to compensate for variations in 
tracking servo loop gain due to a 5 -10 -fold change in amount 

15 of reflected light beams in recording and reproducing 

information and due to a two- fold change in amount of light 
beams reflected from the recording medium caused by a change 
in reflection coefficient, the division circuit 18 with a 
wide dynamic range and high reliability was required. In 

20 brief, the conventional system had such a disadvantage that 
in some cases, adequate compensation could not be achieved 
only by division because the division circuit 18 was 
expensive and a full proportional correlation was not 

established between the error signal and the information 
25 signal though any variation in tracking servo loop gain must 
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be avoided because tracking was disabled even if the 
tracking accuracy was considerably deteriorated. This is 
the case for the focus servo and time-axis servo having just 
the same structure as that mentioned above. 
5 The objective of the present invention designed to 

eliminate the disadvantage of the conventional system 
mentioned above is to provide the servo system for the 
information recording and/or reproducing device, which can 
keep the servo loop gain constant by sampling the error 

10 signal with the signal synchronized with the information 
signal without using the conventional division circuit 18. 

Now, referring to the drawings accompanying, the 
preferred embodiments of the present invention are 
described. In Pig. 3, 20 is a waveform shaping circuit 

15 taking the output of the amplification circuit 17 as an input 
and 21 is a sample hold circuit, which takes the output of 
the amplification circuit 13 as an input and enters the 
output of the waveform shaping circuit 2 0 into a gate. 

In the configuration mentioned above, the light beams 

20 emitted from the semiconductor laser 1, as in the 

conventional type, and the light beams reflected from the 
disk 5 are focused together by the objective lens 4 and 
directed to the two-split photo detector 11. The difference 
between the outputs of the two-split photo detector 11 is 

25 created the arithmetic circuit 12, which is taken as the 
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error signal. The signal is amplified at the amplification 
circuit 13 and then enters the sample hold circuit 21. £~The 
sample hold circuit passes the tracking error signal output 
from the amplification circuit 13 only when the area with 
5 no reflected light beams varying, that is the area with no 
holes, is being tracked for reproducing information and only 
when the area, which does not vary the reflected light means, 
that is the area, which does not punch holes, is tracked for 
reproducing - information ; otherwise, it holds the tracking 

10 error signal immediately before it passes. -pThe sample 
pulse, which allows the tracking error signal to be passed 
or held, is generated by the waveform shaping circuit. This 
means that the waveform shaping circuit 20 compares the 
information signal extracted in the form as shown in Pig. 

15 2 (b) or Fig. 2 (c) by the arithmetic circuit 16, which 
creates the sum of the outputs of the two-split photo 
detector 11, with thresholds voltages V t h ( w ) and V t h(R) 
internally set and generates a corresponding pulse if the 
tracking error signal is higher than V th (W) or lower than 

20 Vth(R) , the output of which is shown in Fig. 2 (d) . For this 
reason, at that time, the output of the sample hold circuit 
21 is seen as shown in Fig. 2 (e) . This output passes through 
the compensation circuit 14 for compensating for any phase 
delay and then enters the drive circuit 15 to drive the 
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objective lens 4 in such a direction that the tracking error 
may reduce . 

Pig. 4 shows the illustrative examples of the waveform 
shaping circuit 20 and the sample hold circuit 21. In Pig. 
5 4, an input signal a or b as shown in Fig. 2 (b) and Pig. 
2 (c) is supplied into an input terminal 22 of the waveform 
shaping circuit 2 0, that is a non- inverting terminal of an 
OP AMP ICl and an inverting terminal of an OP AMP IC2 and 
compared with reference voltages V t h(W) and V th (R) applied 

10 at other terminals of OP AMP ICl and OP AMP IC2 and if the 
input voltage is higher than V t h( w ) , the output of the OP 
AMP ICl is + 15V and the output of the Op AMP IC2 is -15V. 
On the. other hand, if the input voltage is lower than V th (R) , 
the output of the OP AMP ICl is -15V and the output of the 

15 Op AMP IC2 is +15V. If the input voltage is lower than V t n (W) 
and higher than V th (R) , both the outputs are -15V. When one 
of the outputs of the OP AMP ICl and OP AMP IC2 is +15V, an 
electric current flows through a resistance Rl and a diode 
Dl into a transistor TR1 , which allows the transistor TR1 

20 to be conductive, resulting in a drop in voltage of the 
resistor R3 , which in turn reduces an voltage of the output 
terminal 23 to -15V. When the outputs of both the OP AMP 
ICl and OP AMP IC2 are -15V, the transistor TR1 is 
tt.onc , 6Ad'ucfcive with no drop in voltage of the resistor R3, 

25 which raises an voltage of the output terminal 23 is +15V. 
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Thus, in Pig. 2 (d) , +15V is a value 1 (ones) and -15V is value 
0. The output of the waveform shaping circuit 20 is supplied 
into a sample pulse input terminal 24 of the sample hold 
circuit 21, that is the gate of a field-effect transistor 
5 TR2, through the diode D3 as the sample pulse. When the 
sample pulse input is 1, that is + 15V, the transistor TR2 
is conductive, because the output of an OP AMP IC3 to the 
gate of the transistor TR2 through a resistor 4, the output 
of the OP AMP IC3 is supplied into an OP AMP IC4 as it was, 

10 and the error signal supplied into an input terminal 2 5 is 
output as the sample hold signal from an output terminal 2 6 
as it was. This process corresponds to a sample period shown 
in Fig. 2 (e) . when the sample pulse is 0, that is -15V, the 
output of the OP AMP IC 3 is isolated from the input of the 

15 OP AMP IC4 because the -15V voltage is added to the gate of 
the transistor TR2 through the diode D3 , and the accumulated 
voltage at a condenser CI is applied to the OP AMP IC4 
immediately before isolation between the OP AMP IC3 and OP 
AMP IC4 . For this reason, the error signal taken immediately 

20 before the isolation mentioned above is held and output from 
the sample hold circuit 21. This process corresponds to a 
hold period shown in Fig. 2 (e) . Thus, the information 
signal can be used to make sampling of the error signal using 
the information signal. 
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Note that in the preferred embodiment mentioned 
above, the information signal is also taken from the 
reflected light beams for recording information. 
Alternatively, the signal for modulating the semiconductor 
5 laser may be branched from the drive circuit 19 for taking 
out as the information signal. In this case, the output of 
the amplifier 17 and the output taken from the drive circuit 
19 are switched one another and supplied to the waveform 
shaping circuit 2 0 for recording or reproducing 

10 information. As explained earlier with respect to the 
applications to either the recording or reproducing system, 
the present invention can be, of cause, applicable equally 
to focus servo and time-axis servo of the recording or 
reproducing system. In addition, a signal conversion 

15 element for recording and/or reproducing the information 
signal on the disk for the recording and/or reproducing 
device may be any of a light beam, scanning needle, magnetic 
head, and others, and the information signal may also be any 
of signals, which can be converted into binary signals such 

20 as a picture signal , audio signal, and facsimile signal . The 
recording medium is not limited to the round shaped ones and 
any shape of medium such as a tape or drum may be used. 

As known from the explanation mentioned above, the 
servo system for the information recording and/or 

25 reproducing device of the present invention, which is 
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designed to make sampling of the error signal using the 
signal synchronized with the information signal, allows not 
only the loop gain of the servo system to be kept constant, 
achieving higher stability of servo operation but also 
5 information to be more correctly recorded or reproduced on 
the recording medium. 

4 . Brief Description of the Drawings 

Fig. 1 is a schematic view of a tracking servo system 
of a conventional information recording and/or reproducing 

10 device, Figs . 2 to 4 are a waveform view and a schematic view 
explaining the operational principle of the tracking servo 
system of the information recording and/or reproducing 
device of the present invention and an illustrative view 
showing the waveform shaping circuit and the sample hold 

15 circuit thereof, respectively. 

1 ... light source 

2 ... collimator lens 

3 ... prism 

4 ... objective lens 

20 5 . . . disk- type recording medium (simply referred to as 
disk) 

6 ... guide tracks 

7 ... disk motor 

6 ... objective lens drive unit 
25 9 . . . quarter wave plate 
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10 ... beam splitter 

11 ... two-split photo detector 
12, 16 ... arithmetic circuit 
15, 19 ... drive circuit 

5 20 . . . waveform shaping circuit 
21 ... sample hold circuit 

Note that the same symbols indicate the same or 
corresponding elements in the figures. 
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Fig. 1 

18 division circuit 

19 drive circuit 

14 compensation circuit 
5 15 drive circuit 



Pig. 2(a), Fig. 2(b). Pig. 2(c). 
Fig. 2(d) 
Sampling period 
10 Holding period 
Fig. 2(e) 



Fig. 3 

19 drive circuit 

15 2 0 waveform shaping circuit 

i. 

21 sample hold circuit 

14 compensation circuit 

15 drive circuit 



20 Fig. N 4 
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Amendment (voluntary) 

October 28, 1983 

To Director-General, Patent Office 
1- Identification of the Case: 

Patent Application No. 32093/1983 

2. Title of the Invention: 

SERVO SYSTEM FOR INFORMATION RECORDING AND /OR 
REPRODUCING DEVICE 

3. Person Seeking the Amendment: 
Relationship with the Case: Applicant 
Address: 2-3, Marunouchi 2-chome, Chiyoda-ku, Tokyo 
Name: Mitsubishi Denki KK (Code #601) 

Representative: Jinpachiro Katayama 

4 . Agents : 

15 Address: 2 - 3 , Marunouchi 2-chome, Chiyoda-ku, Tokyo 

Mitsubishi Denki KK 
Name: Masuo Oiwa, Patent Attorney (Reg'n #7375) 

(TED: 03(213)3421 Patent Dept.) 
5 - Portions to be Subjected to the Amendment of the Petition: 
item "Detailed Description of the Invention" in the 
Specification 
6. Details of the Amendment: 

(1) "reading- described in line 19 of page 3 i s corrected 
to w reproducing" . 
* (2) "supplied- dBserlbed in liM 20 of pa9fi s is correctea 



20 
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to "as an input". 

(3) "reference voltage" described in line 17 of page 8 is 
corrected to "threshold voltage". 

(4) "sampled and held" described in line 5 of page 10 is 
5 corrected to "sampled" . 



